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Abstract:Groundwater is one of earth’s most vital renewable 
and  widely  distributed  resources  as  well  as  an  important 
source of water supply throughout the world. The quality of 
water is a vital concern for mankind since it is directly linked 
with human welfare. An attempt has been made to delineate 
hydrogeomorphic units from IRS P6 LISS III satellite imagery 
using remote sensing and GIS techniques. The ground water 
samples are collected from the forty eight observation wells in 
the  study  area  for  quality  studies  during  May  2012  and 
locations  are  identified  with  GPS.  Water  quality  parameters 
for drinking water standards determined using standard water 
quality procedures and prepared spatial distribution maps in 
Arc GIS environment.  
  Groundwater  is  a  valuable  natural  resource  that  is 
essential for human health, socio-economic development, and 
functioning of ecosystems.  Various chemical constituents of 
water occur as dissociated particles or ions. In the present area 
of investigation, the chemistry of groundwater with respect to 
the major elements and chemically related properties has been 
determined.  The  major  cations  include  Calcium  (Ca
+2), 
Sodium (Na
+), Potassium (K
+), Chloride (Cl
-), Sulphate (So4
-2) 
and Nitrate (No3
-). The chemically related properties such as 
Total Dissolved Solids (TDS) and Total Hardness (TH) were 
also  determined.  Integrated  overlay  technique  helped  to 
delineate to prepare spatial distribution of groundwater quality 
for drinking purposes Potable and Non – potable in the study 
area. 
Key  words:  Groundwater,  Hydrogeomorphology,  Remote 
sensing,  Integrated  overlay  technique  and 
Hydrogeochemistry. 
1.  Introduction 
Groundwater  is  a  valuable  natural  resource  that  is 
essential  for  human  health,  socio-economic  development,  and 
functioning  of  ecosystems  (Zektser,  2000;  Humphreys,  2009; 
Steube et al., 2009). In India severe water scarcity is becoming 
common in several parts of the country, especially in arid and 
semi-arid regions. The overdependence on groundwater to meet 
ever-increasing demands of domestic, agriculture, and industry 
sectors has resulted in overexploitation of groundwater resources 
in several states such as Rajasthan, Punjab, Gujarat, Haryana, 
Uttar Pradesh, Tamil Nadu, among others (CGWB 2006; Garg 
and  Hassan,  2007;  Rodell  et  al.,  2009).  Groundwater  can  be 
optimally  
used and sustained only when the quantity and quality 
is properly assessed (Kharad et al., 1999). GIS has  
 
been  used  in  the  map  classification  of  groundwater 
quality, based on correlating total dissolved solids (TDS) values 
with some aquifer characteristics (Butler et al., 2002) or landuse 
and landcover (Asadi et al., 2007). Other studies have used GIS 
as a database system in order to prepare maps of water quality 
according  to  concentration  values  of  different  chemical 
constituents (Yammani, 2007). In such studies, GIS is utilized to 
locate  groundwater  quality  zones  suitable  for  different  usages 
such as irrigation and domestic (Yammani, 2007).  
For any area, a ground water quality map is important 
to  evaluate  the  water  safeness  for  drinking  and  irrigation 
purposes  and  also  as  a  precautionary  indication  of  potential 
environmental health problems. Considering the above aspects 
of groundwater contamination and use of GIS in groundwater 
quality mapping, the present study was undertaken to map the 
groundwater quality in Krishna District, Andhra Pradesh, India. 
The  main  objective  of  the  research  work  is  to  make  a 
groundwater  quality  assessment  using  GIS,  based  on  the 
available physico-chemical data from 48 locations in the study 
area.  The  purpose  of  this  assessment  are  (1)  to  provide  an 
overview  of  present  groundwater  quality,  (2)  to  determine 
spatial distribution of groundwater quality parameters such as 
total  dissolved  solids,  total  hardness,  calcium  hardness, 
magnesium  hardness,  carbonates,  bicarbonates,  sodium, 
potassium,  nitrates,  chlorides  and  sulphates  (3)  to  generate 
groundwater quality zone map for the study area.  
 
2.  Study area:  
The study area is located in eastern and central part of 
Krishna district, Andhra Pradesh, India. The area covered in this 
investigation  is  about  3430  km
2.  The  area  is  geographically 
lying in between 80° 48ꞌ 0ꞌꞌ and 81°  35ꞌ 11ꞌꞌ E longitude and 
15°42ꞌ 0ꞌꞌ and 16°45ꞌ 0ꞌꞌ N latitude, the study area is shown in the 
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Fig.1: Location map of the study area 
 
 
3.  Groundwater Sample Collection and Analysis 
  The ground water samples are collected from the forty 
eight  observation  wells  in  the  study  area  for  quality  studies 
during May 2012. The sample locations points collected in the 
study area are shown in Fig.2.  
Remote  sensing  is  an  important  tool  for  understanding  the 
dynamics of earth surface processes of large features from the 
synoptic view. Most of the dynamic environments are the fluvial 
and coastal regions and in these regions maximum developments 
and human interferences are found. Landform response has both 
long term and short term effects on environment. Landforms are 
delineated  using  the  image  characteristics  along  with  the 
available geological and geomorphology details (Harikrishn et 
al.,  2012).  Main  geomorphic  features  in  this  study  area  are 
Deltaic plain, Alluvial plain, Swampy marshy and Moderately 
weathered  pediplains.  21water  samples  collected  from  deltaic 
plains,  25water  samples  collected  from  coastal  plains  and  2 
water samples collected from alluvial plains.  
 
 
Fig.2:  Map  Showing  Locations  of  Groundwater  Sample 
Stations on Hydrogeomorphic units 
The chemical analysis of the water samples is carried 
out  at  State  Institute  of  Fisheries  Technologies,  Kakinada  for 
parameters namely total dissolved solids, total hardness, calcium 
hardness, carbonates, bicarbonates, sodium, potassium, nitrates, 
chlorides and sulphates using standard methods recommended 
by  American  Public  Health  Association  (APHA,  1998).  The 
quality of the groundwater is compared with IS: 10500 (1994) 
drinking water standards. 
The  groundwater  quality  classification  map  is 
developed from thematic maps based on the WHO (1993) and 
ISI (1991) standards for drinking water. The location of the forty 
eight observation wells all over the study area is obtained by 
using a handheld GPS instrument GARMIN GPS-60 receiver. 
GPS technology has been proved to be very useful for enhancing 
the spatial accuracy of the data integrated in the GIS. Based on 
the location data, point feature is prepared showing the position 
of  the  observation  wells.  Thus,  the  collected  groundwater 
samples  are  analyzed  for  their  quality  in  the  study  area.  The 
water quality data thus obtained forms the non-spatial database. 
It is stored in excel format and linked with the spatial data by 
join option in ArcMap. The spatial and the non-spatial database 
formed are integrated for the generation of spatial distribution 
maps of the water quality parameters. For spatial interpolation 
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used in the present study to delineate the locational distribution 
of groundwater pollutants. Other spatial interpolation techniques 
are Kriging, Cokriging, Spline etc. 
  In  interpolation  with  Inverse  Distance  Weighted 
method, a weight is attributed to the point to be measured. The 
amount of this weight is dependent on the distance of the point 
to another unknown point. These weights are controlled on the 
bases of power of ten. With increase of power of ten, the effect 
of the points that are farther diminishes. Lesser power distributes 
the weights more uniformly between neighboring points. In this 
method the distance between the points count, so the points of 
equal distance have equal weights (Burrough and McDonnell, 
1998).  
The weight factor is calculated from the following formula 
                λi = 𝐷𝑖
−∝                                                        
 
          𝐷𝑖
−∝ 𝑛
𝑖=1      
Where                 λi  = t h e weight of point
 
             Di = the distance between point i and the 
unknown point 
              = the power ten of weight.   
The advantage of Inverse Distance Weighted method is 
that it  is intuitive and efficient. This interpolation  works  best 
with evenly distributed points when compared to other methods. 
The flow chart of the methodology adopted is shown in Fig.3. 
 
          Fig.3: Flow Chart for Preparation of Spatial Distribution Maps 
4.  Results and Discussions 
Concentration  of  dissolved  solids  is  an  important 
parameter in drinking water that gives a particular taste to the 
water at  higher concentration and reduces its potability.  High 
concentrations of dissolved solids of about 3000 mg/l may also 
produce distress in livestock (Punam Tyagi, 2003). 
From  the  total  dissolved  solids  analysis,  it  has  been 
found that the values are ranging between 450 mg/l to 8750 mg/l 
in the study area. The lowest total dissolved solids value of 450 
mg/l has been recorded at Nagayalanka village in Nagayalanka 
Mandal and the highest total dissolved solids value of 8750 mg/l 
is recorded at Alapadu village in Kaikaluru mandal. A spatial 
distribution map is also prepared for the total dissolved solids 
values which are shown in Fig.4a.  
From  the  map,  it  has  been  observed  that  the  total 
dissolved  solids  concentration  is  very  high  in  the 
Machilipatnam,  Kruthivennu,  Pedana,  Bantumilli,  Kalidindi, 
Kaikalur,Mandavalli,  Mudinepalli,  Gudlavalleru,  Pedaparupudi 
and Nandivada mandals of the study area.  
The study shows that only 3% of the samples are below 
500 mg/l of total dissolved solids which can be used for drinking 
without any risk and 8% of the samples total dissolved solids 
values are ranging between 500mg/l to 1000 mg/l, which can be 
used for drinking after treatment. 
  Calcium and magnesium mostly cause the hardness of 
water.  The  total  hardness  of  water  may  be  divided  in  to  two 
types,  carbonate  or  temporary  and  bi-carbonate  or  permanent 
hardness.  Total  hardness  is  the  sum  of  the  temporary  and 
permanent hardness. Water that has a hardness of less than 75 
mg/l is considered soft.  A hardness of 75 to 150  mg/l is not 
objectionable for most purposes. Water having more than 150 
mg/l hardness, is unsafe.  
From  the  analysis  of  total  hardness,  it  has  been 
observed that the values are ranging between 100 mg/l to 1840 
mg/l in the study area. The lowest value of 100 mg/l is recorded 
at Kodali village in Ghatasala mandal and the highest value of 
1840 mg/l is observed at Alapadu village in Kaikaluru mandal. 
A spatial distribution map is also prepared for the total hardness 
values which are shown in Fig.4b.  
4.1. Analysis of Sodium Concentration in the Study Area 
  Sodium  concentration  plays  an  important  role  in 
evaluating the groundwater quality for irrigation because sodium 
causes an increase in the hardness of soil as well as a reduction 
in  its  permeability  (Tijani  1994).The  sodium  content  of 
groundwater  is  due  to  the  weathering  of  sodium  bearing 
minerals such as sodic plagioclase and other minerals. It is also 
due  to  the  exchange  of  calcium  ion  and  sodium  ion  on  the 
surface clay minerals (David and Deweist 1966). According to 
Feth et al. (1964) the weathering reactions generally contribute 
major  part  of  the  sodium  content  of  the  groundwater.  In  the 
study area the sodium concentration values are ranging between 
46.2  mg/l  to  1864  mg/l.  The  lowest  value  of  46.2mg/l  is 
observed  at  Puligadda  village  in  Avanigadda  mandal  and  the 
highest value of 1864 mg/l is observed at Balliparru village in 
Pedana mandal. A spatial distribution map is also prepared for 
the sodium values which are shown in Fig. 4c.  
From the analysis, it has been observed that none of the 
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samples  values  are  ranging  between  20  ppm  to  200  ppm 
concentration,  wherein  the  groundwater  available  in  these 
regions is suitable for drinking.  More than 25 (52.1%) of the 
groundwater  samples  are  permissible  for  irrigation  and  not 
suitable for drinking. 
4.2. Analysis of Potassium Concentration in the Study Area 
  In most natural waters the concentration of potassium is 
generally  very  low.  The  disintegration  of  potassium  bearing 
minerals  like  orthoclase,  microcline,  biotite,  luecite  and 
Nephelene in igneous and metamorphic rocks has resulted for 
the  concentration  of  potassium  in  the  groundwater.  A 
considerable  amount  of  potassium  is  also  contributed  by  the 
pollution from the sewage waters. According to Hem (1970) in 
some groundwaters the concentration of sodium and potassium 
will be in equal amounts. Potable groundwater should contain 
less  than  10  mg/l  potassium.  Davis  and  Dewiest  (1966) 
suggested  that  the  increase  in  potassium  will  have  no 
relationship what so ever with the total dissolved solids.  
The  potassium  concentration  values  are  ranging 
between 4.2mg/l to 387mg/l in the study area. The lowest value 
of 4.2mg/l is observed at Ventrapragada village in Pedaparupudi 
Mandal  and  the  highest  value  of  387mg/l  is  observed  at 
Artamuru  village  in  Bantumilli  mandal.  A  spatial  distribution 
map is also prepared for the potassium values which are shown 
in  Fig.  4d.  From  the  map,  it  is  observed  that  the  potassium 
concentration  is  above  the  permissible  limit  except  at  a  few 
pockets in the western part of the study area. 
4.3. Analysis of Nitrates Concentration in the Study Area 
  Nitrate  occurrence  in  groundwater  is  also  very 
common. It is mainly due to aerobic decomposition of nitrogen 
from organic matter. Nitrate from other sources like fertilizers, 
industrial  effluents  and  septic  tanks  contribute  nitrates  in  the 
form of pollutants. The presence of nitrate in a ground water 
sample  indicates  diffused  source  of  pollution  from  fertilizers 
used in intensive agriculture in rural areas. In urban areas the 
sources are from water derived from sewage. The presence of 
even  a  trace  of  nitrate  indicates  sewage  contamination.  For 
potable water, the concentration of nitrates should be less than 
45 ppm.  
The nitrate concentration in the study area is ranging 
between 0 ppm to 168.3 ppm. The lowest value of 0 ppm is 
observed at Mandapakala, Pamarru, Pedana and Peddaparupudi 
locations  and  the  highest  value  of  168.3  ppm  is  observed  at 
Unikili village in Mandavalli mandal. The high concentration of 
nitrates in Unikili village is due to excessive use of fertilizers for 
aquaculture farming. A spatial distribution map is also prepared 
for the nitrate values which are shown in Fig. 4e. From the map, 
it  is  observed  that  the  nitrate  concentration  values  are  well 
within the permissible limit except in the Mandavalli mandal of 
the  study  area.  From  the  analysis,  it  has  been  observed  that 
around 98% of the samples are in the desired limit. Only 2% of 
the samples are not acceptable for drinking in the study area.  
4.4. Analysis of Chlorides Concentration in the Study Area 
  Chloride is a most common anion found in the ground 
waters.  Chloride  concentrations  vary  widely  in  natural  waters 
and it is directly related to mineral content of the water. It is also 
known that the seawater contains very high amounts of chloride 
and the coastal aquifers while suffer from the sea water intrusion 
will be showing abnormal concentration of chloride. Apart from 
this,  chloride  enters  the  natural  waters  in  many  ways.  The 
solvent power of water dissolves chlorides from the soil as well 
as from geological formations and spray from the ocean in the 
form of salt dust, which will be carried inland and will be in 
filtered  into  the  ground  waters  through  precipitation.  The 
pollution from the industrial effluents will also be a source of 
chloride concentration in the industrial areas. 
 
Fig.4: Spatial distribution of chemical parameters 
The chloride concentration values are ranging between 
77.4  mg/l  to  2421.2  mg/l.  The  lowest  value  of  77.4  mg/l  is 
observed  at  Puligadda  village  in  Avanigadda  mandal  and  the 
highest value of 2421.2 mg/l is observed at Alapadu village in 
Kaikalur Mandal. A spatial distribution map is also prepared for 
the chloride values which are shown in Fig. 4f. From the map, it 
is observed that the chloride concentration values are well within 
the  permissible  limit  except  in  the  Mandavalli  mandal  of  the 
study area. 
From the analysis, it has been observed that 37.5% of 
the samples are in the desired limit, 47.9% of the samples are 
acceptable for drinking and 14.6% of the samples are exceeding 
the permissible limit in the study area.  
 
4.5. Analysis of Sulphates Concentration in the Study Area 
  Higher concentration of sulphates in water can cause 
misfunctioning  of  the  alimentary  canal.    In  an  aerobic 
decomposition  of  waste  waters,  sulphates  are  reduced  and 
promote  corrosion  of  sewers  is  promoted  (Kotaiah  and 
Kumarswamy,  1994).  The  concentration  of  sulphates  in 
groundwater  is  also  an  important  parameter  of  groundwater 
quality. It is important especially  when dealing  with drinking 
water because its excessive amounts have different effects on the 
health  of  human  beings.  According  to  the  U.S  public  health 
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than 250 mg/l in drinking waters. Clays contribute sulphate ion, 
which enters into the groundwater.  
From the chemical analysis, it has been observed that 
the sulphates concentration is ranging between 4 mg/l to 2325 
mg/l.  The  lowest  value  of  4mg/l  is  observed  at  Ghantasala 
village in Ghantasala Mandal and highest value of 2325 mg/l is 
observed at Nandivada village in Nandivada mandal. A spatial 
distribution map is also prepared for the sulphate values which 
are  shown  in  Fig.  4g.  From  the  map,  it  is  observed  that  the 
sulphate concentration values are above the permissible limit in 
the Nandivada, Kaikalur and part of Machilipatnam and Pedana 
mandals  of  the  study  area.  From  the  analysis,  it  has  been 
observed  that  58.3%  of  the  samples  are  in  the  desired  limit, 
31.3% of the samples are acceptable for drinking and 10.4% of 
the samples are exceeding the permissible limit in the study area.  
 
5.   Index Overlay Method  
The final step of GIS application in this study is to analyze all 
data layers through the process called “Overlay”. Index overlay 
is a spatial operation in which a thematic layer is superimposed 
onto another to form a new layer. In fact, this operation can be 
performed  both  in  vector  and  raster  data;  however,  raster 
overlay  is  often  more  efficient  than  vector  overlay.  This  is 
because attribute values in raster data are not listed in tables as 
in  vector  data,  but  are  represented  by  grid  cells  in  thematic 
layers.  Therefore,  arithmetic  operations  and  some  other 
statistical  operations  can  be  performed  directly  during  the 
overlay process. In this case the map classes occurring on each 
input map are assigned different scores, as well as the maps 
themselves  receiving  different  weights  as  before.  It  is 
convenient to define the scores in an attribute table for each 
input map.  
Geographic information system (GIS) has emerged as a 
powerful tool for storing, analyzing, and displaying spatial data 
and  using  these  data  for  decision  making  in  several  areas 
including engineering and environmental fields (Stafford, 1991; 
Goodchild,  1993;  Burrough  and  McDonnell,  1998;  Lo  and 
Yeung, 2003). The use of GIS technology has greatly simplified 
the assessment of natural resources and environmental concerns, 
including  groundwater.  In  groundwater  studies,  GIS  is 
commonly  used  for  site  suitability  analyses,  managing  site 
inventory  data,  estimation  of  groundwater  vulnerability  to 
contamination,  groundwater  flow  modeling,  modeling  solute 
transport  and  leaching,  and  integrating  groundwater  quality 
assessment  models  with spatial data to create spatial decision 
support systems (Engel and Navulur, 1999). In a similar vein, 
hydrochemical  processes  show  to  have  an  influence  on  the 
prevalence of anthropogenic and natural contaminant in coastal 
environment  (Zilberbrand  et  al.,  2001;  Park  et  al.,  2005  and 
Mondal  et  al.,  2010).  It  is  evident  from  the  literature  that 
infiltration of effluents has led to the contamination of aquifers 
in  different  parts  of  India  (Raman,  1995;  Shivkumar  and 
Biksham, 1995; Shivkumar et al., 1997; Pujari and Deshpande 
2005 and Naik et al., 2007). 
The input layers which are considered for the analysis 
of  potable  groundwater  zones  are  Total  Dissolved  Solids 
(TDS), Total Hardness (TH), Sodium (Na
+), Potassium (K
+), 
Nitrate (No3
-), Chloride (Cl
-) and Sulphate (So4
-2). The score 
values for all individual classes for each map will be assigned 
along with the map weightages will be entered as an attribute 
data  for  the  purposes  of  index  overlay  analysis  purpose  to 
obtain a new spatial vulnerability map.  
Map Weights 
M1 = Weightage*[class (TDS)] 
M2 = Weightage *[class (TH)]  
M3 = Weightage *[class (Na
+)] 
M4 = Weightage * [class (K
+)] 
M5 =Weightage * [class (No3
-)] 
M6 =Weightage* [class (Cl
-)] 
M7 = Weightage *[class (So4
-2)] 
 
   Depending upon the overlay of these thematic layers in 
the study area these were assigned with a particular weightage 
number and multiplied to obtain a map which is used for further 
analysis.  In  the  same  way  depending  upon  their  levels  of 
concentrations of the groundwater zones were also assigned with 
a particular weightage and multiplied to obtain maps which as 
used  for  overlay  analysis  of  all  these  parameters  along  with 
drainage of the study area to obtain groundwater zones. Thus 
each grid cell data is calculated and represented in the form of 
map  showing  the  potential  groundwater  zones  in  Fig.  5.  We 
have  classified  entire  study  area  under  two  categories  like 
potable and non-potable.  
 
Fig.5: Spatial distribution of groundwater quality 
6.  Conclusions 
  The entire study area comes under Krishna delta which 
is  continuously  feeding  by  the  channels  of  Krishna  River. 
Geomorphologically  coastal  plains  and  alluvial  plains  having 
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pediplain  and  swamp  marshy  lands  having  non-potable 
groundwater. From the total groundwater samples 30 (62.5%) 
samples were potable groundwater samples which are suitable 
for  drinking  water  and  18  (37.5%)  samples  were  non-potable 
groundwater samples which are not suitable for drinking water. 
More  than  15  (31.2%)  of  the  groundwater  samples  are 
permissible for irrigation and not suitable for drinking. In the 
study area 28% of the available groundwater is brackish water 
which  is  unfit  for  drinking  and  irrigation.  One  linear  patch 
started  from  Pedana  and  Bantumilli  towards  Mandavilli  and 
Kaikaluru, and between Nandiwada and Gudiwada having non-
potable  groundwater.  The  remaining  study  area  having  good 
potable groundwater. 
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